Plasma facing carbon fibre composites (CFC) are used for Tore Supra (CFC N11 
Introduction
Because of its favourable thermo-mechanical properties carbon fibre composite (CFC) materials are widely used as plasma-facing components in modern fusion experimental machines like JET, JT-60U, ASDEX Upgrade, Tore Supra [ 1 ] , and currently are the candidate material for the vertical targets of the divertor plates of ITER. Hydrogen isotope retention and permeation are important for fuel inventory control in the vacuum vessels of fusion reactors and, for the case of tritium application, in safety evaluation and tritium processing design. Thus, data related to long-term plasma-CFC interactions are of interest and extremely important.
In dense pyrolytic graphite the retention of implanted hydrogen isotopes saturates when the concentration in the implantation range reaches about 30 at% [ 2 ] . In fine grain graphites with a typical density around 1,85 g/cm 3 a slow increase in retention with ion fluence was found [ 3 , 4 ] .In doped CFC materials, a steeper increase in retention and diffusion far beyond the ion range was observed [ 5 ] . A deep penetration of deuterium into carbon fibre material CF222 (up to 2-3 mm) was reported after its exposure to the PISCES-A plasma [ 6 ] .
Tritium depth profiles in divertor tiles retrieved from TFTR and JET have revealed that a large fraction (up to 61%) of the retained tritium had diffused deeply into the bulk (up to 20 mm) of the 2D (two-dimensional) CFC tiles from JET in comparison to only few percent found in the 4D CFC tile from TFTR [ 7 , 8 , 9 ].
In Tore Supra long pulse discharges deuterium particle balance suggests that a constant fraction of the injected gas (typically 50%) is retained in the wall for the duration of the shot. No sign of wall saturation after more than 6 min discharge [1] is observed.
In the present work deuterium retention in 3D CFC materials NB31 and N11 was studied by irradiation with 30 to 200 eV D ions, both from ion beams and plasma devices, using methods of the thermal desorption spectrometry and D( 3 He,p) 4 He nuclear reaction in a resonance-like technique. The depth profiles and total inventory were compared to results obtained from CFC and fine grain graphite divertor tiles removed from identical strike-point positions in the outer ASDEX Upgrade divertor.
Experimental
Two types of 3D CFC materials provided by SEP (Bordeaux, France), NB31 (density ρ = to a depth of around 14 µm, the energy of the analyzing beam of 3 He ions was varied from 0.69 to 3.2 MeV. The protons from the nuclear reaction were counted using a wide-angle proton detector, and the computer program SIMNRA was used for the deconvolution of the proton yields measured at different 3 He ion energies. A deuterium depth distribution was assumed, and the proton yield as a function of incident 3 He energy was calculated. The form of the D depth profile was then varied using an iterative technique until the calculated curve matched the measured proton yields [14] .
Total D inventories were determined by thermal desorption spectroscopy (TDS 
Results and Discussion

Deuterium retention
At all irradiation temperatures in the range from 50 to 450°C the amount of deuterium trapped in the CFC materials increases with the ion fluence, Γ (Fig. 1) . No saturation was reached as had been previously observed in pyrolytic graphite [2] . At room temperature the retention increase proceeds proportional to Γ An increase of the irradiation temperature leads to the decrease of the D concentration both in the near-surface layers and in the bulk of the CFC NB31 (Fig. 2b) . It should be noted that lengths of the profile tails for the same fluence only weakly depend on the irradiation temperature. From data shown in Fig. 2 diffusion coefficients as function of temperature can be evaluated from the profile tail, but these results will be object of a coming paper for a detailed description. The total amount of deuterium trapped in the CFC materials, as obtained from the integration of the depth profile, decreases strongly with the irradiation/exposure temperature. While the irradiation/exposure temperature increases from 190 to about 680°C, the D content decreases by about one order of a magnitude.
Deuterium retention in CFC and fine-grain graphite tiles exposed in ASDEX Upgrade
Two tiles of CFC DMS701 were exposed in the ASDEX Upgrade divertor and compared to identical neighbouring tiles made from fine-grain graphite R 6710. This interpretation is corroborated by the respective depth profiles in CFC and fine grain graphite (Fig. 4) . The R 6710 graphite shows a narrow surface profile, saturating the ion range with a weak tail into the bulk due to the porosity. On the contrary, in CFC long tails extending well beyond 14 µm are found. Especially in the high temperature region at positions around 1125 mm, the surface is depleted from D, but a fraction diffuses deeply
into the bulk, and shows concentrations above 0.1 at% well beyond the analysis depth of this experiment.
Conclusions
The structure of CFC is composed of the largely different materials making up the fibres and the matrix. Its layered fibre structure and large porosity between the layers allows hydrogen to penetrate more deeply into the material than into fine-grain graphite. In finegrain graphite quasi-saturation of the retention occurs, whereas the retention in CFC increases roughly with fluence as Γ 0.5 . Therefore, at the fluences reached in the experimental campaigns of today's tokamaks, the retention in CFC can exceed the retention in fine-grain graphite by an order of magnitude.
The hydrogen isotope retention due to implantation and migration into CFC materials appears relevant in the explanation of the high amount of deuterium retained in Tore Supra during long pulses [ 17 ] . fig. 3 .
